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© Purification and refolding of recombinant proteins. 



© The present invention discloses a new method for solubilizing and refolding recombinant proteins expressed 
as granules. The method involves sulfitolysis and the formation of a precipitate of protein-S-sulfonate by 
warming. The precipitate has been found to contain protein in high purity. In addition, proper folding takes place 
if the desired protein is fully reduced and passed through an intermediate concentration of denaturant which 
allows for a transition between its folded and unfolded states. 
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PURIFICATION AND REFOLDING OF RECOMBINANT PROTEINS 

The present invention is a new process for obtaining high purity recombinant proteins in high yields. 
T h« process of the present invention is particularly advantageous because it eliminates the need for 
purification of recombinant protein by using conventional biological techniques such as HPLC (high 
pertormance liquid chromatography). 
; With the advent of recombinant DNA technology, the ability to amplify the amount of a specific protein 

pfoouced by an organism has correspondingly led to increased expression of desired proteins. Such 
prctems. however, are usually expressed in granular, insoluble form. The granular form of an express d 
recombinant protein is generally considered to be a function of high level expression and slow folding, 
-esuiting in the formation of insoluble, bioinactive aggregations of unfolded and/or partially folded proteins in 
v r>« :oi This problem is particularly severe when proteins containing disulfide crosslinks (disulfide proteins) 
»e e. excised m bacteria, because after cell lysis the air oxidizes the mis-folded proteins which in turn 
«••» io w*H*ooer disulfide bonds and intermolecular cross-linking. 

Bc«:a».>e many recombinant proteins expressed in various organisms are expressed as insoluble 
/a«-^tcs trx- ability to isolate and purify designated proteins from the granules is desired. The present 
~.^t<m addresses the problem of purification and discloses a new process for obtaining high yields of 
*»;"'» pc!"''<sc! bioactive recombinant proteins, even when initially expressed as insoluble, bioinactive 
( .yu»! \r addition, the present invention also allows for the proper folding of recovered proteins. The 
->to«Tinc» c» ootaining a properly folded protein lies in the fact that a protein is not biologically active until 
• j .r» ,',t ^ativo folded conformation. While there are many factors that influence proper folding and while 
.-r ijc t*c:on may vary, the present invention provides a process for obtaining the proper folding of a wide 
.»/.<»ty ot c*c«e«ns using one standard procedure. 

r»->« D'e*ent process involves protein sulfitolysis followed by a warming step which increases the 
;»o2oraturo o* the resultant protein-S-sulfonate, thereby allowing the protein-S-sulfonate to precipitate out in 
% purity This precipitate is about 95% pure compared to the starting material. The precipitation of such 
2t r^riy charged protein-S-sulfonates was unexpected and, by obtaining such a high purity precipitate. 
.H.m.nwes the many conventional biological or biochemical purification techniques which would otherwise 
rv» rr>ouired In addition, by solubilizing and then reducing the protein or protein-S-sulfonate in a high 
concentration of denaturant followed by a lowering of the concentration by dilution or dialysis, the protein 
solution passes through a transition concentration at which proper folding takes place in high yields. 
30 Accord.ngly. as much as about 20% of the reduced protein refolds properly compared with only about 1% 
of p-oper orotein folding when the present invention is not employed. 

While common industrial procedures for purifying and refolding recombinant proteins, for example, as 
asciosed m U.S. Patent No. 4.421,685, have included the use of S-sulfonated proteins, the present 
invention employs a heretofore unknown procedure for obtaining S-sulfonated protein as a precipitate, 
35 thereby allowing for recovery at high purity. After the sulfitolysis step is complete, the solution is solvent 
exchanged and the precipitate is obtained by warming the solvent exchanged solution of protein-S-sulfonate 
from a temperature of about 1-6* C to a temperature of about 18-28' C. By obtaining such a high purity 
protein precipitate, the need to use conventional techniques, such as, for example, ion exchange 
chromatography, for further initial purification is eliminated. 
40 The present invention is especially significant in that little is known about how or when a protein folds 
into its bioactive and correct configuration. (See Creighton. T.E., Proteins . W. H. Freeman and Co., New 
York, 1984). Heretofore, proper folding conditions were typically found empirically, requiring the develop- 
ment of costly tailor-made protocols for each recombinant protein that was to be refolded. The present 
invention solves this problem by providing a folding protocol which is applicable to virtually any recom- 
45 binant protein produced in a microorganism. The present invention, therefore, eliminates the need for 
developing costly tailor-made purification and refolding protocols and thus increases the efficiency of 
producing recombinant proteins while reducing costs. 

For purposes of the present invention, as disclosed and claimed herein, the following terms are as 
defined below. 

so Bioactive - The capacity for effecting an intended in vivo response. 

Folding - The process whereby a protein is restored to a configuration that allows it to be stable and/or 
bioactive. 

Granule - An aggregate of proteins containing a mixture of properly folded, partially folded, and/or unfolded 
proteins along with varying amounts of cellular impurities. 

Recombinant DNA Cloning Vector - any selectable and autonomously replicating or chromosomally 
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integrating ag nt. including but not limited-to plasmids and phages, comprising a DNA molecule to which 
additional ONA can be or has been added. 

Recombinant Protein - A protein expressed in a microorganism by virtue of the presence of a recombinant 
□NA vector. 

5 Host Cell - A cell which has been or is capable of being transformed to express recombinant proteins. 

Transformation - The introduction of DNA into a recipient host cell, including the viable protoplast thereof, 
that changes the genotype of the recipient cell. 

Expression Vector - A recombinant DNA cloning vector designed in such a way that a foreign gene inserted 
into the vector will be expressed in the host organism. 
to Figure 1 : Restriction site and Function Map of Plasmid pKC283 

Figure 2: Restriction site and Function Map of Plasmid pKC283PX 

Figure 3: Restriction site and Function Map of Plasmid pKC283-L 

Figure 4: Restriction site and Function Map of Plasmid pKC283-LB 

Figure 5: Restriction site and Function Map of Plasmid pKC283PRS 
is Figure 6: Restriction site and Function Map of Plasmid pL32 

Figure 7: Restriction site and Function Map of Plasmid pNM789 

Figure 8: Construction of Plasmid 1 20 

Figure 9: Restriction site and Function Map of Plasmid pL47 

Figure 10: Restriction site and Function Map of Plasmid pPR12 
20 Figure 11: Restriction site and Function Map of Plasmid pPR12AR1 

Figure 1 2: Restriction site and Function Map of Plasmid pL1 1 0 

Figure 1 3: Restriction site and Function Map of Plasmid plL2365 
The present invention is a novel method for purifying recombinant proteins comprising: 

1) disrupting the cell wall of a host cell that contains insoluble cysteine-containing recombinant 
25 protein granules, said granules also containing cellular impurities, and isolating said granules from the 

cellular debris, 

2) solubilizing said granules in a denaturing reagent containing a sulfitolyzing reagent to form a 
solution containing sulfitolyzed recombinant protein and said impurities, 

3) solvent exchanging said solution containing sulfitolyzed recombinant protein and forming a 
30 precipitate of protein-S-sulfonate by raising the temperature of said solvent exchanged solution from a 

range of about 1 " C to about 6* C to a range of about 18* C to about 28" C, and, 

4) isolating said protein precipitate from said impurities in the resultant supernatant. 

The present invention further comprises a method for folding cysteine-containing recombinant proteins 
which comprises the additional steps: 

35 5) forming a solution of reduced protein by solubilizing said precipitate of step 4) in a denaturing 

reagent and then reducing by adding a reductant reagent; and, 

6) diluting said solution of step S) under conditions suitable for folding. 
The present invention is best exemplified by the preparation of recombinant interleukin-2 (IL-2). This is 
accomplished by transforming a suitable host cell with a vector containing the IL-2 structural gene using 

fo conventional genetic engineering techniques. These conventional techniques include obtaining a gene that 
codes for the desired protein, inserting the gene into an appropriate expression vector in a position which 
permits expression of the gene, transforming competent host colls with the vector, identifying transformants, 
and culturing the transformants in a suitable growth medium. These conventional genetic engineering steps 
are well known in the art and are further disclosed in Maniatis, et al., 1982, Molecular Cloning (Cold Spring 

45 Harbor Laboratory). ~"~ — 

The present invention is particularly useful for the preparation of recombinant proteins, such as IL-2. IL- 
2 is an immunomodulatory factor produced by certain subsets of T-lymphocytes that is responsible for 
promoting the proliferation of activated T-cells. The cloning of the IL-2 gene and its expression at high 
levels in E. coli has allowed for the production of large quantities of purified protein that is not contaminated 

so by other natural lymphokines. As is the case with many other proteins, IL-2 can be expressed in E. coli in 
granular form and is thus particularly suited for purposes of the present invention. In the illustrative" case of 
IL-2, expression was accomplished by transforming E. coli K12 RV308 with plasmid plL2365. A detailed 
description of the construction of plasmid plL2365 is" presented below in Examples 1 through 10 and a 
restriction site map is presented in Figure 13. 

ss As is common in the production of recombinant proteins at high levels, the H--2 expressed in E. coli 
takes the form of insoluble granules. The granules are prominent and so fill the cell that they are visible 
under light microscopy. The granules, after cell lysis, can be isolated by conventional techniques including 
filtration. The resultant isolated granules are then dissolved and sulfitolyzed in 4-6M guanidine'HCI. The IL- 
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2-S-sulfonate can be identified by SDS (sodium dodecyl sulphate)-polyacrylamide gel electrophoresis or by 
HPLC. or any similar identification technique. After the sulfitolysis step is compl t . the solution is solvent 
exchang d and the temperature is raised from about 1-4* C to about 18-28"C. causing the desired product 
to settle out as a flocculent precipitate. 

s Obtaining a precipitate of such highly charged IL-2-S-sulfonate under these conditions was unexpected 

and allows one to obtain high purity IL-2 product without extensive early purification steps. Previous 
methods for purifying recombinant proteins have relied on standard techniques such as chromatography. 
These steps are both time consuming and costly. The purity of a denatured protein also effects the 
renaturation since the purer a denatured protein is, the better and more efficient the refolding reactions 

w become. The above mentioned precipitation process can be modified and speeded up by adjusting the pH 
and adding ethanol and in other ways readily apparent to those skilled in the art. 

Prior to the present invention, proper folding conditions for a particular protein were found empirically. 
The goal in any protein folding process is to effectively fold the protein not only by increasing the rate of 
the reaction, but also by using greater protein concentration without sacrificing yields. The in vivo conditions 

is of pH, ionic strength, and ion concentrations on the ribosome (where the protein is synthesized) are 
certainly determining parameters for directing the folding process in vitro. In addition, every protein is 
believed to undergo a unique transition between its folded and unfolded state. By dissolving and reducing 
the present protein-S-sulfonate precipitate in a high concentration of denaturant followed by lowering the 
concentration by dilution with 10-100mM Tris or dialysis, the protein solution passes through a transition 

20 concentration at which proper folding takes place in high yields. Therefore, despite the many parameters to 
which proper folding is sensitive, the method of the present invention may be used to achieve proper 
folding of virtually any protein. 

The particular recombinant proteins which can be used for purposes of the present invention are not 
critical and may be generated by using established genetic engineering techniques. These conventional 

25 techniques include obtaining a gene that codes for a desired protein, inserting the gene into an appropriate 
expression vector in a position which permits expression of the gene, transforming competent host cells 
with the vector, identifying correct transformants, and culturing the transformants in a suitable growth 
medium. The choice of biological techniques and reagents used in the present invention is not of primary 
importance, but the high purity precipitate of the protein-S-sulfonate and the ability to properly refold a 

30 variety of proteins by one method is of great importance and one of the advantages of the present 
invention. 

Those skilled in the art will realize that many of the genetic engineering techniques and reagents used 
in the present invention are not limited to those previously mentioned. For example, transformed cells can 
be ruptured and the desired granules freed by conventional mechanical methods, chemical methods or 

35 enzymatic methods. Mechanical methods may include, for example, sonication or homogenization. Chemi- 
cal means may include lysis by alkali and enzymatic methods may include treatment with lysozyme. Any 
conventional method that frees the granules from the particular transformed host cells can be used. Once 
the cells are ruptured, the recovery of granules and removal of cellular debris may be achieved by a variety 
of conventional methods such as centrifugation and filtration. In addition, the particular reagents used with 

40 the .05-.25M sodium sulfite to form the protein-S-sulfonate, as exemplified in Example 12, are not limited to 
the illustrative 1-lOmM sodium thiosulfate and 1-lOmM cysteine, but may also include 5-10mM sodium 
tetrathionate and .1-1 mM copper sulfate. Skilled artisans will readily recognize that still other reagents can 
be used to obtain the desired result. Likewise, the denaturing reagents may include 6-8M urea, not just 4- 
6M guanidine'HCI. The denaturing reagent prevents refolding and crossfolding of the same protein 

45 molecule onto itself or two separate protein molecules onto each other. The only limitation is that the 
denaturant should not be so drastic so as to cause irreversible denaturation and irreversible loss of 
biological activity. 

Skilled artisans will also recognize that solubilized protein may be identified not only by separating 
molecules based on their differential mobility in an electric field as in SDS-polyacrylamide gel elec- 

50 trophoresis but also by standard chromatography methods. The temperature for precipitation conditions 
may range from about 18-28* C with 25 *C being preferred. In addition, those skilled in the art will 
understand that the precipitate may be recovered not only by the production of high gravitational forces as 
in centrifugation but also by filtration methods. Likewise, reduction reactions are not limited to the use of 2- 
20mM cysteine. Skilled artisans will recognize that 20-100 fold excess dithiothr itol, 20-100 fold excess 

55 mercaptoethanol and 2-20mM glutathione may also be used. By way of illustration and not limitation, the 
following formula can be used for calculating the above-mentioned illustrative excess mercaptoethanol and 
dithiothreitol: 



BNSDOCID: <EP 0361830A2_I_> 



EP 0 361 830 A2 



molecular wt. 

mg IL-2 S-SOa x 3* x 20** x of reductant 
mg reductant = 15,500 gm/mole 11 l 

* S-S0 3 /molecule 
** 20 fold excess 



Since the present method involves the precipitation of a protein S-sulfonate, the present method can 

'o only be used with proteins that contain cysteine. Cysteine is a sulphur-containing amino acid that 
contributes to the tertiary structure of proteins by forming disulfide bridges between cysteine molecules in 
close proximity. Many well known proteins form such disulfide bridges which are responsible for the 
protein's shape and biological activity. Human insulin, which 'consists of two polypeptide chains, A and B, 
linked by disulfide bridges between cysteine residues is one illustrative example. Human growth hormone 

'6 (hGH) and bovine growth hormone (bGH) are two other proteins that contain cysteine. The present invention 
may also be used to purify and refold other recombinant products, such as, for example, human proinsulin, 
human insulin A chain, human insulin B chain, human insulin-like growth factor I (IGF1), human insulin-like 
growth factor II (IGFII), human tissue plasminogen activator, human interferon, mammalian protein, human 
protein and various other proteins of research and commercial value. 

20 The recombinant proteins which can be used for purposes of the present invention may be generated 
by any number of established genetic engineering techniques. Several such techniques are described in 
Maniatis, et al., 1982, Molecular Cloning (Cold Spring Harbor Laboratory). Just as the present invention is 
not limited to purifying recombinant IL-2 granules, the host cells useful in the present invention are not 
limited to E. coli. Host cells such as, for example. Bacillus , Streptomyces . yeast, and other organisms 

25 capable of being transformed and expressing proteins in granular form can also be used for purposes of the 
present invention. 

The following examples further illustrate and provide detail but are in no way intended to limit the scope 
of the present invention. Both an explanation of and the actual procedures for constructing the invention are 
described where appropriate. Thus, Examples 1-10 describe the construction of plasmid pll_2365 via several 

30 plasmid intermediates while Examples 11-13 describe the conversion of insoluble IL-2 granules into 
properly folded protein. Unless otherwise stated in the examples, the reaction conditions, buffers, and 
protocols for conventional recombinant DNA procedures such as restriction enzyme digestion, DNA 
fragment isolation and purification, ligation, and transformation are as disclosed in Maniatis, et al., 1982, 
Molecular Cloning (Cold Spring, Harbor Laboratory), such disclosure being incorporated by reference 

35 herein. Plasmid plL2365 codes for the expression of IL-2 at high levels in E. coli and is thus preferred for 
generating illustrative protein granule starting material. A flow diagram showing the construction of plasmid 
plL2365 is presented in Table 1 below in outline form. 
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Plasmid pIL2365 Construction Flow Diagram 




PIL2365 



Construction of Plasmid plL2365 and E. coli K12 RV308/plL2365 
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Example 1 



Isolation of Plasmid pKC283 



Lyophils of E. coli K12 BE1201/pKC283 are obtained from the Northern Regional Research Laboratory, 
Peoria. Illinois 61604. under the accession number NRRL B-15830. The lyophils are decanted into tubes 

10 containing 10 ml LB medium (10 g Bacto-tryptone, 5 g Bacto-yeast extract, and 10 g NaCI per liter; pH is 
adjusted to 7.5) and incubated two hours at 32 ' C. at which time the cultures are made 50 ug/ml in 
ampicillin and then incubated at 32' C overnight. The E. coli K12 BE1201/pKC283 cells were cultured at 
32* C, because the cells comprise a temperature-sensitive cl repressor gene integrated into the cellular 
DNA. When cells that comprise a wild-type lambda pL repressor gene or do not comprise a lambda pL 

is promoter are utilized in this plasmid isolation procedure, as described in subsequent Examples herein, the 
temperature of incubation is 37* C. 

A small portion of the overnight culture is placed on LB-agar (LB medium with 15 g/l Bacto-agar) plates 
containing 50 ug/ml ampicillin in a manner so as to obtain a single colony isolate of E. coli K12 
BE1201/pKC283. The single colony obtained was inoculated into 10 ml of LB medium containing 50 ug/ml 

20 ampicillin and incubated overnight at 32' C with vigorous shaking. The 10 ml overnight culture was 
inoculated into 500 ml LB medium containing 50 ug/ml ampicillin and incubated at 32 *C with vigorous 
shaking until the culture reached stationary phase. 

The cells were harvested by centrifugation at 4000 g for 10 minutes at 4 C, and the supernatant was 
discarded. The cell pellet was washed in 100 ml of ice-cold STE buffer (0.1 M NaCI; 10 mM Tris-HCI, pH 

25 7.8; and 1 mM EDTA). After washing, the cell pellet was resuspended in 10 ml of Solution 1 (50 mM 
glucose; 25 mM Tris-HCI. pH 8.0; and 10 mM EDTA) containing 5 mg/ml lysozyme and left at room 
temperature for 10 minutes. Twenty ml of Solution 2 (0.2 N NaOH and 1% SDS) were then added to the 
lysozyme-treated cells, and the solution was gently mixed by inversion. The mixture was Incubated on ice 
for 10 minutes. 

30 Fifteen ml of ice-cold 5 M potassium acetate. pH 4.8, were added to the lysed-cell mixture and the 
solution mixed by inversion. The solution was incubated on ice for 10 minutes. The 5 M potassium acetate 
solution was prepared by adding 11.5 ml of glacial acetic acid to 28.5 ml of water and 60 ml of 5 M 
potassium acetate; the resulting solution is 3 M with respect to potassium and 5 M with respect to acetate. 
The lysed cell mixture was centrifuged in a Beckman SW27 (or its equivalent) at 20,000 rpm for 20 

as minutes at 4* C. The cell ON A and debris formed a pellet on the bottom of the tube. About 36 ml of 
supernatant were recovered, and 0.6 volumes of isopropanol were added, mixed, and the resulting solution 
left at room temperature for 15 minutes. The plasmid DNA was collected by centrifugation at 12,000 g for 
30 minutes at room temperature. The supernatant was discarded, and the DNA pellet was washed with 70% 
ethanol at room temperature. The ethanol wash was decanted, and the pellet was dried in a vacuum 

40 desiccator. The pellet was then resuspended in 8 ml of TE buffer (10 mM Tris-HCI, pH 8.0, and 1 mM 
EDTA). 

Eight grams of CsCI were added to the DNA solution. About 0.8 ml of a 10 mg/ml solution of ethidium 
bromide in water were added for each 10 ml of CsCI-DNA solution. The final density of the solution was 
about 1 .55 g/ml. and the ethidium bromide concentraton was about 600 ug/ml. The solution was transferred 
45 to a Beckman Type 50 centrifuge tube, filled to the top with paraffin oil, sealed, and centrifuged at 45,000 
rpm for 24 hours at 20 * C. After centrifugation, two bands of DNA were visible in ordinary light. After 
removing the cap from the tube, the lower DNA band was removed by using a syringe with a #21 
hypodermic needle inserted through the side of the centrifuge tube. 

The ethidium bromide was removed by several extractions with water-saturated 1-butanoi. The CsCI 
so was removed by dialysis against TE buffer. After extractions with buffered phenol and then chloroform, the 
DNA was precipitated, washed with 70% ethanol, and dried. About 1 mg of plasmid pKC283 was obtained 
and stored at 4* C in TE buffer at a concentration of about 1 ug/ul. A restriction site and function map of 
plasmid pKC283 is presented in Figure 1 of the accompanying drawings. 

55 
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Construction of Plasmid pKC283PX 



About 10 ul of the plasmid pKC283 DNA prepared in Example 1 were mixed with 20 ul 10 X medium- 
s salt restriction buffer (500 mM NaCI: 100 mM Tris-HCI. pH 7.5: 100 mM MgCl z ; and 10 mM DTT), 20 ul 1 
mg/ml BSA, 5 ul restriction enzyme Pvu ll (-50 Units, as defined by Bethesda Research Laboratories (BRL), 
from which all restriction enzymes used herein were obtained), and 145 ul of water, and the resulting 
reaction was incubated at 37 ' C for 2 hours. Restriction enzyme reactions described herein were routinely 
terminated by phenol and then chloroform extractions, which were followed by precipitation of the DNA, an 
;o ethanol wash, and resuspension of the DNA in TE buffer. After terminating the Pvu ll digestion as described 
above, the Pyull-digested plasmid pKC283 DNA was precipitated and then resuspended in 5 ul of TE 
buffer. 

About 600 picomoles (pM) of Xho l linkers 

is ( 5 ' -CCTCGAGG-3 « ) 

I I I I I I I I 
GGAGCTCC 



were kinased in a mixture containing 10uI 5 X Kinase Buffer (300 mM Tris-HCI, pH 7.8; 50 mM MgCfe; and 
25 mM DTT), 5 ul 5 mM ATP. 24 ul H 2 0. 0.5 ul of T4 polynucleotide kinase (about 2.5 units as defined by 
P-U Biochemicals), 5 ul 1 mg;ml BSA, and 5 ul of 10 mM spermidine by incubating the mixture at 37° C for 
30 minutes. 

About 12.5 ul of the kinased Xhol linkers were added to the 5 ul of Pvu ll-digested plasmid pKC283 
DNA, and then 2.5 ul of 10 X ligase~buffer (300 mM Tris-HCI. pH 7.6; 100 mM MgCI 2 ; and 50 mM DTT), 
2.5 ul of 1 mg/ml BSA, 7 ul of 5 mM ATP. 2.5 ul (about 2.5 units as defined by P-L Biochemicals) of T4 
DNA ligase, 2.5 ul of 10 mM spermidine, and 3 ul of water were added to the DNA. The resulting ligation 
reaction was incubated at 4 " C overnight. After the ligation reaction, the reaction mixture was adjusted to 
have the composition of high-salt buffer (0.1 M NaCI; 0.05 M Tris-HCI, pH 7.5; 10.0 mM MgCb; and 1 mM 
DTT). About 10 ul (100 units) of restriction enzyme Xho l were added to the mixture, and the resulting 
reaction was incubated at 37° C for 2 hours. , 

The reaction was terminated, and the Xhol-digested DNA was precipitated, resuspended, and ligated as 
described above, except that no Xho l linkers were added to the ligation mixture. The ligated DNA 
constituted the desired plasmid pKC283PX. A restriction site and function map of plasmid pKC283PX is 
presented in Figure 2 of the accompanying drawings. 



Example 3 

40 

Construction of E. coli K12 MO(X*)/pKC283PX 



E. coli K12 MO(X*)can be obtained from the Northern Regional Research Laboratories in lyophylized 
forrrTunder the accession number NRRL B-15993. E. coli K12 MO(X*) comprises the wild-type lambda pL cl 
repressor gene, so that transcription from the hybrid pL-Ipp promoter does not occur in E. coli K12 MO(X ) 
cells. The lyophils are reconstituted, single colonies of MO(X*) are isolated, and a 10 ml overnight culture of 
the MO(X*)cells is prepared in substantial accordance with the procedure of Example 1. except that the 
temperature of incubation is 37* C and no ampicillin is used in the growth media. 

Fifty ul of the overnight culture were used to inoculate 5 ml of LB media which also contained 10 mM 
MgSCU and 10 mM MgCb. The culture was incubated at 37° C for 16 hours with vigorous shaking. The 
culture was then diluted to 200 ml with LB media containing 10 mM MgSO* and 10 mM MgCla. The diluted 
culture was incubated at 37° C with vigorous shaking until the absorbance at 550 nm (Asso) was about 0.5, 
which indicated a cell density of about 1 x 10 s cells/ml. The culture was cooled for ten minutes in an ice- 
water bath, and the cells were then collected by centrifugation at 4000 g for 10 minutes at 4° C. The cell 
pellet was resuspended in 100 ml of cold 10 mM MgSO«. and then immediately re-pelleted by centrifuga- 
tion. The cell pellet was resuspended in 100 ml of 30 mM CaCl2 and incubated on ice for 20 minutes. 
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The cells were again collected by centfifugatiorf and resuspended in 10 ml of 30 mM CaCfe. A one-half 
ml aliquot of the cells was added to the ligated DNA prepared in Example 2; the DNA had been made 30 
mM in CaCla. The cell-DNA mixture was incubated on ice for one hour, heat-shocked at 42 "C for 90 
seconds, and then chilled on ice for about two minutes. The cell-DNA mixture was diluted into 10 ml of LB 

s media in 125 ml flasks and incubated at 37 °C for one hour. One hundred ill aliquots were plated on LB- 
agar plates containing ampicillin and incubated at 37* C until colonies appeared. 

The colonies were individually cultured, and the plasmid DNA of the individual colonies was examined 
by restriction enzyme analysis and gel electrophoresis. Plasmid DNA isolation was performed on a smaller 
scale in accordance with the procedure of Example 1, but the CsCI gradient step was omitted until the 

io desired E. coli K12 MO(X*)/pKC283PX transformants were identified. A restriction site and function map of 
plasmid p>KC283PX is presented in Figure 2 of the accompanying drawings. 



Example 4 

IS 



Construction of E. coli K12 MO(\*)/pKC283-L 



Ten ug of plasmid pKC283PX DNA prepared in accordance with the procedure of Example 1 were 
dissolved in 20 ul of 10X high-salt buffer, 20 ul 1 mg/ml BSA. 5 ul (-50 units) restriction enzyme Bglll, 5ul 
(-50 units) restriction enzyme Xho l, and 150 ul of water, and the resulting reaction was incubated at 37 "C 
for two hours. The reaction was stopped, and after precipitating the Bglll-Xhoi digested DNA, the DNA was 
25 resuspended in 5 ul of TE buffer. 

A DNA linker with single-stranded DNA ends characteristic of Bglll and Xho l restriction enzyme 
cleavage was synthesized and kinased. The linker was kinased in substantial accordance with the 
procedure of Example 2. The DNA linker had the following structure: 

30 5 ' -GATCTATTAACTCAATCTAGAC-3 ' 

I I I I I I I I I I I I I I I I I I 
3 ' -ATAATTGAGTTAGATCTGAGCT-5 • 

35 Tlle linker depicted above was synthesized from single-stranded deoxyoligonucleotides by procedures well 
known in the art. The single-stranded deoxyoligonucleotides can be synthesized with commercially available 
instruments, such as the 380A DNA Synthesizer marketed by Applied Biosystems (850 Lincoln Centre 
Drive, Foster City, CA 94404), which utilizes phosphoramidite chemistry. Other procedures for synthesizing 
DNA are also known in the art. The conventional modified phosphotriester method of synthesizing single 
stranded DNA is described in Itakura et al., 1977, Science 198:1056 and in Crea et al., 1978, Proc. Nat. 
Acad. Sci. USA 75:5765. In addition, an especially preferred method of synthesizing DNA is disclosed in 
Hsiung et al.. 1983, Nucleic Acid Research 11:3227 and Narang et al., 1980, Methods in Enzymology 68:90. 

The linker and Bglll- Xho l-digested plasmid pKC283PX were ligated in substantial accordance with the 
procedure of Example 2. The ligated DNA constituted the desired plasmid pKC283-L. A restriction site and 
function map of plasmid pKC283-L is presented in Figure 3 of the accompanying drawings. The plasmid 
PKC283-L DNA was used to transform E. coli K12 MO(\*) and the resulting E. coli K12 MO(\*)/pKC283-L 
transformants were identified in substantial accordance with the procedure of Example 3. 



Example 5 



Construction of E. coli K12 MO(\>pKC283-LB - 

55 

About 10 ug of plasmid pKC283-L DNA, prepared in substantial accordance with the procedures of 
Example 1, were dissolved in 20 ul 10X high-salt buffer, 20 ul 1 mg/ml BSA, 5 ul (-50 units) restriction 
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enzyme Xhol. and 155 U.I of H 2 0. and the resulting reaction was incubated at 37* C for two hours. The Xho l- 
digested "plasmid pKC283-L DNA was then precipitated from the reaction mixture by the addition of three 
volumes of 95% ethanol and one-tenth volume of 3 M sodium acetate, incubation in a dry ice-ethanol bath 
for five minutes, and centrifugation. The resulting DNA pellet was washed with 70% ethanol. dried, and 
resuspended in 2 ul 10X nick-translation buffer (0.5 M Tris-HCI, pH 7.2; 0.1 M MgSO*; and 1 mM DTT). 1 
ul of a solution 2 mM in each of the deoxynucleotide triphosphates, 15 ul of H 2 0. 1 ul (-6 units as defined 
by P-L Biochemicals) of Klenow, which is the large fragment of E. coli DNA polymerase I. and 1 ul of 1 
mg.ml BSA. The resulting reaction was incubated at 25 "C for 30 minutes; the reaction was stopped by 
incubating the solution at 70 " C for five minutes. 
BamHI linkers were kinased and ligated to the 

5 1 -CGGGATCCCCG-3 ' 
I I I I I I I I I I I 
GCCCTAGGGCC 

Xhol-digested. Klenow-treated plasmid pKC283-L DNA in substantial accordance with the procedure of 
Example 2. After the ligation reaction, the DNA was digested with about 100 units of Bam HI for about 2 
hours at 37 *C in high-salt buffer. After the Bam HI digestion, the DNA was prepared for ligation in 
substantial accordance with the procedure of Example 2. 

The -5.9 kb BamHI restriction fragment was circularized by ligation and transformed into E. coH K12 
MO(X*) in substantial accordance with the procedures of Examples 2 and 3. The E. coli K12 MO(\ )- 
PKC283-LB transformants were identified, and then plasmid pKC283-LB DNA was prepared in substantial 
accordance with the procedure of Example 1 . A restriction site and function map of plasmid pKC283-LB is 
presented in Figure 4 of the accompanying drawings. 



Example 6 



Construction of E. coli K12 MO(\*)/pL32 

About 10 ug of plasmid pKC283PX were digested with restriction enzyme Sail in high-salt buffer, 
treated with Klenow, and ligated to Eco RI linkers 

( 5 ' -GAGGAATTCCTC-3 ' ) 
I I I I I I I I I I I I 
CTCCTTAAGGAG 

in substantial accordance with the procedure of Example 5, with the exception of the starting plasmid, 
restriction enzymes, and linkers used. After digestion with restriction enzyme EcoRI, which results in the 
excision of -2.1 kb of DNA, the -4.0 kb Eco RI restriction fragment was circularized by ligation to yield 
plasmid pKC283PRS. The ligated DNA was used to transform E. coH K12 MO(X*) in substantial accordance 
with the procedure of Example 3. After the E. col[ K12 MO(\*)/pKC283PRS transformants were identified, 
plasmid pKC283PRS DNA was prepared in substantial accordance with the procedure of Example 1. A 
restriction site and function map of plasmid pKC283PRS is presented in Figure 5 of the accompanying 
drawings. 

About 10 ug of plasmid pKC283PRS were digested in 200 ul of high-salt buffer with about 50 units 
each of restriction enzymes Pstl and Sphl. After incubating the reaction at 37* C for about 2 hours, the 
reaction mixture was electrophoresed on a 0.6% low-gelling-temperature agarose (FMC Corporation, Marine 
Colloids Division, Rockland, Maine 04841) gel for 2-3 hours at -130 V and -75 mA in Tris-Acetate buffer. 

The gel was stained in a dilute solution of ethidium bromide, and the band of DNA constituting the 
-0.85 kb PsthSphl restriction fragment, which was visualized with long-wave UV light, was cut from the gel 
in a small^gment. Th volume of the segment was determined by weight and density of the segment, and 
an equal volume of 10 mM Tris-HCI. pH 7.6, was added to the tube containing the segment. The segment 
was then melted by incubation at 72 *C. About 1 ug of the -0.85 kb Pstl-Sphl restriction fragment of 
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plasmid pKC283PRS was obtained in a volume of 'about 100 ill. In an analogous manner, plasmid pKC283- 
LB was digested with restriction enzymes Pstl and Sph l, and the resulting -3.0 kb restriction fragment was 
isolated by agarose gel electrophoresis and prepared for ligation. 

The -0.85 kb Pstl-Sphl restriction fragment of plasmid pKC283PRS was ligated to the -3.0 kb Pstl- Sph l 

s restriction fragmenTof plasmid pKC283-LB in substantial accordance with the procedure of Example 2. The 
ligated DNA constituted the desired plasmid pL32. A restriction site and function map of plasmid pL32 is 
presented in Figure 6 of the accompanying drawings. Plasmid pL32 was transformed into E. coK K12 MO- 
(X*) cells in substantial accordance with the procedure of Example 3. Plasmid pL32 DNA was prepared 
from the E. coli K12 MO(X*)/pL32 transformants in substantial accordance with the procedure of Example 1. 

io Analysis of the" plasmid pL32 DNA demonstrated that more than one EcoRI linker attached to the Klenow- 
treated. Sail ends of plasmid pKC283PX. The presence of more than one EcoRI linker does not affect the 
utility of~pTasmid pL32 or derivatives of plasmid pL32 and can be detected by the presence of an Xho l 
restriction site, which is generated whenever two of the Eco RI linkers are ligated together. Alternatively, 
plasmid pL32 may be constructed by carrying out the Sal I -EcoRI excision and ligation of the first paragraph 

75 of this Example upon plasmid pKC283-LB. 



Example 7 

20 

Construction of E. coli K12 MO(X*)/pL47 



25 E. coli K12 RV308/pNM789 can be obtained from the Northern Regional Research Laboratories in 
lyophilized form under the accession number NRRL B-18216. A restriction site and function map of 
pNM789 is presented in Figure 7 of the accompanying drawings. Plasmid DNA is extracted from the culture 
in substantial accordance with the teaching of Example 1, except that the temperature of incubation is 
37 *C. Ten micrograms of pNM789 are suspended in 200 ul Pvull buffer (50 mM Tris-HCI (pH 7.5), 60 mM 

30 NaCI and 6mM MgCIa). One unit of Pvu ll is added and the reaction mix is incubated for 5 minutes at 37* C. 
The enzyme is inactivated by heating 10 minutes at 65* C. 30 ul of 10X Bam HI buffer (200 mM Tris-HCI 
(pH 8.0), 1M NaCI and 70 mM MgCl2), 70 ul H 2 0 and 10 units of Bam HI are next added and the reaction is 
incubated for 1 hour at 37* C. This is followed by the addition of 5 units of alkaline phosphatase and 
incubation for 1 hour at 65* C. The DNA fragments are separated on a 1 percent agarose gel, and a DNA 

35 fragment (Figure 8) the size of a single cut fragment is purified. 

A DNA linker with a blunt end and a Bam HI end is synthesized in substantial accordance with the 
teaching of Example 4. This linker (shown at 1 18 in Figure 8) has the following structure: 

5 » -CTGTGCCTTCTAG-3 ' 

40 I I I I I I I I I I I I I 

3 ' -GACACGGAAGATCCTAG-5 ' 

The linker is kinased and ligated into the Bam HI-Pvull digested plasmid pNM789 in substantial accordance 
with the teaching of Example 2. This ligation mixture is used to transform E. coli K12 RV308 cells and 
plasmid isolation is performed upon these transformants in substantial accordance with the teaching of 
Example 3. Several plasmids are selected which contain the appropriate size Pvu ll fragment (494bp) and 
Xbal- Bam HI fragment (628bp). The sequence of at least two of these is determined by sequencing from the 
Bam HI site toward the unique Sma l site and one clone is selected with the desired sequence. This 
intermediate plasmid is designated plasmid 120. A schematic outline of this procedure and a restriction site 
and function map of plasmid 120 is presented in Figure 8 of the accompanying drawings. 

About 10 ug of plasmid 120 were then digested in 200 ul of high-salt buffer containing about 50 units 
each of restriction enzymes Xba l and Bam HI. The digestion products were separated by agarose gel 
electrophoresis, and the' -0.6 kb Xba l- Bam HI restriction fragment was isolated and prepared for ligation in 
ss substantial accordance with the procedure of Example 6. 

Plasmid pL32 was also digested with restriction enzymes Xba l and Bam HI, and the -3.9 kb restriction 
fragment was isolated and prepared for ligation. The -3.9 kb Xbal- Bam HI restriction fragment of plasmid 
pL32 was ligated to the -0.6 kb Xbal-BamHI restriction fragment of plasmid 120 in substantial accordance 
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with the procedure of Example 2 to yield plasmid pL47. A restriction site and function map of plasmid pL47 
is presented in Figure 9 of the accompanying drawings. Plasmid pL47 was transformed into E. cotf K12 
MO(\*) in substantial accordance with the procedure of Example 3. and the E. coli K12 MO(X )/pl_47 
transformants were identified. Plasmid pL47 DNA was prepared from the transformants in substantial 
accordance with the procedures of Example 1 . 



Example 8 



Construction of E. coli K12 RV308/pPR12AR1 



Plasmid pPR12 comprises the temperature-sensitive pL repressor gene cl857 and the plasmid pBR322 
tetracycline resistance-conferring gene. Plasmid pPR12 is disclosed and claimed in U.S. Patent #4,436,815, 
issued 13 March 1984. A restriction site and function map of plasmid pPR12 is presented in Figure 10 of 
the accompanying drawings. 

About 10 ng of plasmid pPR12 were digested with about 50 units of restriction enzyme EcoRI in 200 ul 
of high-salt buffer at 37 *C for two hours. The EcoRI-digested plasmid pPR12 DNA was precipitated and 
treated with Klenow in substantial accordance with the procedure of Example 5. After the Klenow reaction, 
the EcoRI-digested. Klenow-treated plasmid pPR12 DNA was recircularized by ligation in substantial 
accordance with the procedure of Example 2. The ligated DNA, which constituted the desired plasmid 
PPR12AR1. was used to transform E. coli K12 RV308 in substantial accordance with the procedure of 
Example 3, except that selection was~based on tetracycline (5 ug/ml) resistance, not ampicillin resistance. 
E. coli K12 RV308 is available from the NRRL under the accession number NRRL B-15624. After the E. coli 
K12~RV308/pPR12AR1 transformants were identified, plasmid PPR12AR1 DNA was prepared from the 
transformants in substantial accordance with the procedure of Example 1 . 

About 10 ug of plasmid pPR12AR1 were digested with about 50 units of restriction enzyme Aval in 200 
ul of medium-salt buffer at 37 *C for 2 hours. The Aval-digested plasmid pPR12AR1 DNA was precipitated 
and treated with Klenow in substantial accordance with the procedure of Example 5. After the Klenow 
reaction, the Aval-digested, Klenow-treated plasmid PPR12AR1 DNA was ligated to Eco RI linkers 

( 5 ' -GAGGAATTCCTC-3 • ) 

I I I I I I I I I I I I 
CTCCTTAAGGAG 

in substantial accordance with the procedure of Example 2. After the linker ligation, the DNA was 
precipitated and then resuspended in about 200 ul of high-salt buffer containing about 50 units of restriction 
enzyme EcoRI. The resulting reaction was incubated at 37° C for about 2 hours. After the EcoRI digestion, 
the reaction" mixture was loaded onto an agarose gel, and the -5.1 kb EcoRI restriction fragment was 
purified in substantial accordance with the procedure of Example 6. The -5.1 kb EcoRI restriction fragment 
was recircularized by ligation in substantial accordance with the procedure of Example 2. The ligated DNA 
constituted the desired plasmid pPR12AR1. The plasmid pPRl2AR1 DNA was transformed into E. coli K12 
RV308 in substantial accordance with the procedure of Example 3, except that selection was based on 
tetracycline resistance, not ampicillin resistance. After identifying the E. coH K12 RV308/pPR12AR1 
transformants, plasmid pPR12AR1 DNA was prepared in substantial accordance with the procedure of 
Example 1. A restriction site and function map of plasmid pPR12AR1 is presented in Figure 11 of the 
accompanying drawings. 



Example 9 



Construction of E. coli K12 RV308/pL110 
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About 10 ug of plasmid pPRI2AR1 DNA were suspended in about 200 ml of high-salt buffer containing 
about 50 units each of restriction enzymes Pstl and Eco Rt, and the digestion reaction was incubated at 
37 * C for about 2 hours. The reaction mixture was then loaded onto an agarose gel. and the -2.9 kb Pst l- 
EcoRl restriction fragment of plasmid pPR12AR1 was isolated and prepared for ligation in substantial 

5 accordance with the procedure of Example 6. 

About 10 ug of plasmid pL47 were digested with restriction enzymes Pstl and Bam HI in 200 ul of high- 
Scit butter at 37 "C for two hours. The Pstl- Bam HI-digested DNA was loaded onto an agarose gel, and the 
-2.7 kb Pstl- Bam HI restriction fragment that comprised the origin of replication and a portion of the 
ampKtifin fes>stance-conferring gene was isolated and prepared for ligation in substantial accordance with 

io the c*oc»v:tire of Example 6. In a separate reaction, about 10 ug of plasmid pL47 DNA were digested with 
restriction ervymes Eco RI and Bam HI in 200 ul of high-salt buffer at 37" C for two hours, and the -1.03 kb 
EcoRf-BamHi restriction fragment was isolated and prepared for ligation in substantial accordance with, the 
procedure o< Example 6. The -2 ug of the -1.03 kb Eco RI- Bam HI restriction fragment obtained were used 
in the construction af olasmid pLl 10. 

is T>>* -2 r *.£ PitfcBamW and -1.03 kb Eco RI- Bam HI restriction fragments of plasmid pL47 were ligated 
tc tr* -? 9 M) Pst^E-_cRi restriction fragment of plasmid pPRI2ARl to construct plasmid pL110. and the 
ligatec DNA •*T - utej to transform E. coli K12 RV308 in substantial accordance with the procedure of 
Exaopta* 2 *nc 3 e«ceo< that tetracycline~resistance, not ampicillin resistance, was used as the basis for 
selecv*j 9*-»tc*man« a restriction site and function map of plasmid pL110 is presented in Figure 12 of 

20 the accycar-*^ Srjrw/vjs 



Example 10 

25 

Construction of Plasmid plL2365 

30 Plasm.d ciL-2 (NRRL B-18381) contains the cDNA fragment coding for the signal peptide and the N- 

terminal 100 renames of mature IL-2. 

About 5 ug of plasmid clL-2 DNA isolated in substantial accordance with the teaching of Example 1, 

was digestec wi:n 5 jnits (units, as defined by Bethesda Research Laboratories, from which all restriction 

enzymes used he-em were obtained) of HgiA1 and 5 units of Pstl restriction enzymes and 5 ul of 10X 
35 standard restriction buffer (50mM NaCI~0mM Tris-Cl (pH 7.5), lOmM MgCI 2 . 1mM dithiothreitol), 

hereinafter medium salt buffer. The approximately 291 base pair IL-2 fragment was isolated and purified by 

electrophoresis on a polyacrylamide gel. 

The IL-2 fragment was then given blunt ends by adding 2 units T4 polymerase and digesting with 5 

units of Sau3A restriction enzyme in medium salt buffer. The blunt ended IL-2 fragment was then ligated to 
to the synthetic linker 

5 • -GATCTTAAAAAGGGTATCGAC CATGGCAC CT- 3 • 
I M I I I I I I I I I I I I M I I I I I I I I I I 
AATTTTTCCCATAGCTGGTACCGTGGA 

45 

by adding about 1 ug of kinased linkers and 200 ng of the IL-2 fragment and incubating the resulting 
mixture at 4*C for 20 hours. Next, the sequence was digested with 5 units Bglll and 5 units Sau3A 
restriction enzyme in medium salt buffer and the resulting fragment was ligated into vector pL110 (which 

5Q had previously been digested with 4 units BgJII restriction enzyme and partially digested with 2 units Bam HI 
restriction enzyme, again in medium salt restriction buffer). 

The resultant plasmid, pGAD2, was then partially digested, as described above, with 2 units Bam HI 
restriction enzyme. Next, plasmid pM1 3mp8clone426 (NRRL-B-1 8380). isolated in substantial accordance 
with the teaching of Example 1 , was digested, as disclosed above, with restriction enzyme Sau3A. A 242 

55 base pair Sau3A fragment coding for the C-terminal 33 residues of IL-2 was then conventionally isolated 
and ligated into the partially digested pGAD2 resulting in plasmid plL2365. Plasmid plL2365, which contains 
the entire coding sequence for IL-2 operably positioned for expression, was then used to' transform E. coli " 
K12 RV308 (NRRL B- 15624) in substantial accordance with the teaching of Example 3. The resultant 
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transformants were conventionally cultured for production of IL-2 in the form of insoluble granules. A 
restriction site and function map of plasmid plL2365 is presented in Figure 13 of the accompanying 
drawings. 



Example 1 1 



Isolation of lnterleukin-2 (IL-2) Granules 



About 300 grams of wet, packed, E. coH K12 RV308/plL2365 cells were suspended in 2400 ml. 0.05M 
Tris-HCI (pH 8.0) and lysed by the addition of 1.2 grams lyso2yme (Sigma Grade III) in 300 ml. 0.05M 
EDTA (ethylene-diamine tetraacetic acid). The cells were dispersed by stirring and then the viscous DNA 
was sheared by brief sonication. When lysis was complete (judged by microscopic examination after one 
hour), 600 grams DEAE (diethyl amino ethyl) cellulose (Whatman DE52) were added while stirring. The 
suspension was then filtered, with the turbid filtrate containing the desired granules of IL-2. The filter cake 
was washed with 3000 ml. of the Tris-HCI buffer (pH 8.0) until the wash was clear and the combined filtrate 
and wash was centrifuged at 10.000X g. for 30 minutes. After centrifugation the collected precipitate was 
washed successively with 30% acetonitrile in Tris-HCI buffer. 1M KCI, and water. The resultant washed 
granules were then suspended in 1 liter of water. The yield of protein granules as determined by the biuret 
method (See Colowick, S.P., and N. 0. Kaplan, editors. Methods In Enzymoiogy, Vol. 3, pp. 450-451. 
Academic Press, New York; 1957) was 5.5 grams. The granule preparation was frozen at -20 "C for future 
use. 



Example 12 



Preparation of lL-2-S-Sulfonate 



About 5.5 grams of granules from Example 11 were dissolved in 500 ml. 6M guanidine'HCI (Gu-HCI). 
To the 500 ml. were added 0.1 M sodium sulfite (6.3 gm.). 0.05M Tris (3.03 gm.), 0.005M sodium thiosulfate 
(620 mg.), 0.005M cysteine (303 mg.), and 50 wl. of a 1 x 10 _3 M CuSO* soln. After the pH was adjusted to 
7.8, the sulfitolysis was conducted at about 4°C for 48 hours with stirring. The resultant mixture was 
clarified by centrifugation and then solvent exchanged into 7M urea, 0.1M Tris (pH 8.5), and 0.1M sodium 
sulfite, on a 10 liter column of Sephadex G-75 (Pharmacia, Piscataway, N.J. 08554-9932). The column 
effluent was monitored by absorption at 280 nm, and the peak containing the IL-2-S-sulfonate was identified 
by SDS-polyacrylamide gel electrophoresis. The G-75 column also separated a peak of high molecular 
weight protein. The fraction containing the IL-2-S-sulfonate was allowed to warm to about 25 *C, and the 
desired product settled out as a flocculent precipitate. Optionally, the precipitation process can be speeded 
up by lowering the pH to 7.5 with HCI and adding ethanol to 10%. The desired IL-2-S-sulfonate precipitate 
was recovered by centrifugation and washed twice with water, yielding about 1 .3 grams. 



Example 13 



Solubilizing and Folding of IL-2 



About 40 mg of IL-2 S-SO3 precipitate, obtained in Example 12, was dissolved at 4* C into about 66.7 
ml of 6M Gu-HCI, 80.7 mg cysteine and 3.2 mg cystine. The pH was then adjusted to 8 by the addition of 
solid Tris. While constantly stirring the solution, a total of 200 ml of cold water was pumped in at 1.6 
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ml/min. The solution was then covered and allowed to incubate at 4*C overnight. Next, the solution was 
dialyzed in a SpectraPor #1 (Spectrum Medical Industries. Inc., Los Angeles, CA 90054) against 4L of .05M 
Tris (pH 9.0) for four hours and then dialyzed overnight with fresh Tris. The insoluble material was removed 
by centrifugation and then discarded. About 1.5 ml of acetic acid was then added to solution, the solution 

5 was concentrated on an Amicon YM-5 membrane (Amicon, Danvers, Mass.) to about 10 ml and passed 
over a Sephadex G-75 Columr equilibrated with 0.1 M sodium acetate buffer, pH 4.5, to remove any 
aggregated protein. The resultant refolded IL-2 was finally concentrated on a YM-5 membrane and stored 
frozen at -20 ' C. Proper refolding was verified by chromatography on a reversed phase C-4 HPLC column 
(Vydac, Hesperia. CA 92345). The resultant IL-2 was biologically active as determined by its ability to cause 

to proliferation of the IL-2 dependent cell line CTLL-2, available from the American Type Culture Collection 
(ATCC). Rockville, Maryland, 20852. under the accession number TIB214. 



Claims 

15 

1 . A method for purifying cysteine-containing recombinant proteins comprising: 

a) disrupting the cell wall of a host cell that contains insoluble cysteine-containing recombinant 
protein granules, said granules also containing cellular impurities and isolating said granules from the 
cellular debris: 

20 b) solubilizing said granules in a denaturing reagent containing a sulfitolyzing reagent to form a 

solution containing sulfitolyzed recombinant protein and said impurities: 

c) solvent exchanging said solution containing sulfitolyzed recombinant protein and forming a 

precipitate of a protein-S-sulfonate by raising the temperature of said solvent exchanged solution from a 

range of about 1 ° C to about 6" C to a range of about 18" C to about 28* C; and 
25 d) isolating said protein precipitate from said impurities in the resultant supernatant. 

2. The method of Claim 1 wherein the temperature in step (c) is raised to about 25* C. 

3. The method of Claim 1 or 2 wherein the denaturing reagent is guanidine hydrochloride or urea. 

4. The method of Claim 3 wherein the granules are solubilized in about 4-6M guanidine hydrochloride. 

5. The method of Claim 3 wherein the granules are solubilized in about 6-8M urea. 

30 6. The method of any of Claims 1 to 5 wherein the sulfitolyzing reagent comprises sodium sulfite and 
as a second component sodium thiosulfate, cysteine, sodium tetrathionate, or copper sulfate. 

7. The method of Claim 6 wherein the sodium sulfite has a concentration of about 25-250mM, 
preferably about 1 0OmM. 

8. The method of Claim 6 or 7 wherein the second component is 

35 a) cysteine present in a concentration of 2-20mM, preferably about 5mM; 

b) sodium tetrathionate present in a concentration of about 1 0mM; 

c) sodium thiosulfate present in a concentration of 1-10mM. preferably about 5mM; 

d) copper sulfate present in a concentration of 0.1-1 mM, preferably about 0.5mM. 

9. The method of any of Claims 1 to 8 wherein the recombinant protein is IL-2, human IL-2, human 
40 insulin A chain, human insulin B chain, human proinsulin, human tissue plasminogen activator, human 

growth hormone, human interferon, human insulin-like growth factor I (IGF-1), human insulin-like growth 
factor II (IQF-II), or bovine growth hormone. 

10. The method of Claim 9 wherein the recombinant protein is human IL-2. 

1 1 . A method for folding cysteine-containing recombinant proteins comprising: 

45 a) solubilizing the protein-S-sulfonate precipitate obtained from the method of any of Claims 1 to 10 

in a denaturing reagent and then reducing the solubilized precipitate by adding a reductant reagent; and 
b) diluting the solution formed in step a) under conditions suitable for folding. 

12. The method of Claim 11 wherein the denaturing reagent is guanidine hydrochloride or urea. 

13. The method of Claim 12 wherein the denaturing reagent solution contains guanidine hydrochloride 
so at about 4-6M. 

14. The method of Claim 13 wherein the solution formed in step a) is diluted by adding 10-100mM Tris 
until the concentration of guanidine hydrochloride is changed from about 6M to about 1 .5M. 

15. The method of Claim 12 wherein the denaturing reagent solution contains urea present at about 4- 

6M. 

55 1 6. The method of any of Claims 11 to 1 5 wherein the reductant reagent is mercaptoethanol. cysteine, 
glutathione, or dithiothreitol. 

17. The method of Claim 16, wherein the reductant reagent is: 
a) mercaptoethanol present at about a 10-100 fold excess, preferably about a 20 fold excess; 

15 
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b) cysteine present in a concentration of about 2-20mM,, preferably about 10mM: 
c> glutathione present in a concentration of about 2-20mM, preferably about 10mM: or 
d) dithiothreitol present in about a 20-100 fold excess, preferably about a 20 fold excess. 
18. A method for purifying and folding recombinant human IL-2 comprising: 
*> a) disrupting the cell wall of a host cell that contains insoluble recombinant human IL-2 granules, said 

gianuies also containing cellular impurities, and isolating said granules from the cellular debris. 

b) solubilizing said granules in about 6M guanidine hydrochloride and a sulfitolyzing reagent 
comprising about .1M sodium sulfite to form a solution containing sulfitolyzed IL-2 protein; 

O solvent exchanging said solution containing sulfitolyzed IL-2 protein into a solution comprising 
■o about 7M urea, 0.1 M Tris (pH 8.5), and 0.1 M sodium sulfite, and forming a precipitate of the IL-2-S- 
sutoiate by raising the temperature of said solvent exchanged solution to about 25* C; 

d) forming a solution of reduced protein by solubilizing and reducing 40 mg of said IL-2-S-sulfonate 
C"« 'date at 0.6 mg/ml in a solution comprising about 6M guanidine hydrochloride, 80 mg cysteine and 3 
t>3 r .stne. 

e charging the concentration of said solution of step (d) from about 6M guanidine hydrochloride to 
' iW -uanidine hydrochloride by adding sufficient .01 M Tris. 



30 



35 



40 



45 



50 



55 



16 



BNSDOCID: <EP 0361B30A2_I^> 



EP 0 361 830 A2 



FIG. I 

Restriction Site and Function Map of 

Plasmid pKC283 
(-9.1 kb) 



EcoRI 




Sac I 
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FIG.2 

Restriction Site and Function Map of 
Plasmid pKC283PX 
(-6.1 kb) 
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FIG.3 

Restriction Site and Function Map of 
Plasmid pKC283-L 
(-5.9 kb) 



Eco RI p st j 
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FIG.4 

Restriction Site and Function Map of 
Plasmid pKC283-LB 
(-5.9 kb) 



EcoRI 
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FIG. 5 

Restriction Site and Function Map of 
Plasmid pKC283PRS 
(-4.0 kb) 




Ndel 
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FIG. 6 

Restriction Site and Function Map of 

Plasmid pL32 
(~3.9 kb) 



Eco RI 




Ndel 
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FIG. 7 

Restriction Site and Function Map of 

Plasmid pNM789 

(-1.0 kb) 



Hind III 




Sail 
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FIG.8 

Construction of Plasmid 120 
(-1.0 kb) 



Plasmid pNM789 
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